We investigate the holographic p-wave superconductors in the presence of the higher order corrections on the gravity as well as on the gauge field side. On the gravity side, we add the Gauss-Bonnet curvature correction terms, while on the gauge field side we take the nonlinear Lagrangian in the form F + bF 2 , where F is the Maxwell Lagrangian and b indicates the strength of nonlinearity. We employ the shooting method for the numerical calculations in order to obtain the ratio of the critical temperature Tc over ρ 1/(d−2) . We observe that by increasing the values of the mass and the nonlinear parameters the critical temperature decreases and thus the condensation becomes harder to form. In addition, the stronger Gauss-Bonnet parameter α hinders the superconducting phase in Gauss-Bonnet gravity. Furthermore, we calculate the electrical conductivity based on the holographic setup. The real and imaginary parts are related to each other by Kramers-Kronig relation which indicates a delta function and pole in low frequency regime, respectively. However, at enough large frequencies the trend of real part can be interpreted by Re[σ] = ω (d−4) . Moreover, in holographic model the ratio ωg/Tc is always much larger than the BCS value 3.5 due to the strong coupling of holographic superconductors. In both gravity kinds, decreasing the temperature or increasing the effect of nonlinearity shifts the gap frequency toward larger values. Besides, the gap frequency is occurred at larger values by enlarging the Gauss-Bonnet parameter. In general, the behavior of conductivity depends on the choice of the mass, the nonlinear and the Gauss-Bonnet parameters.
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I. INTRODUCTION
In recent years, the gauge/gravity duality which connects a weak gravitational system in (d + 1)-dimension to the strong coupling conformal field theory in d-dimension grabs a lot of attentions because it provides a powerful theoretical methods to study strong interacting systems such as high temperature superconductors [1] [2] [3] [4] [5] [6] . One of the famous consequence of AdS/CFT correspondence is the appearance of a revolutionary theory which is called holographic superconductor [2] . The idea of holographic superconductor was proposed in 2008 [2] by applying AdS4/CFT3 correspondence on the probe limit in Einstein gravity. Based on this theory in order to describe a superconductor on the boundary, we need a transition from hairy black hole to a no hair black hole in the bulk for temperatures below and upper the critical value, respectively [7] . The appearance of hair corresponds to the spontaneous U (1) symmetry breaking [7] . This theory opened up a new horizon in condensed matter physics to study the high temperature superconductors as well as unconventional types [2, 8] . Furthermore, holographic superconductors have widely investigated in the presence of nonlinear electrodynamics which involve more information than the usual Maxwell state. There are different kinds of nonlinear electrodynamics in the literatures such as Born-Infeld [9] , Exponential [10] , Logarithmic [11] and Power-Maxwell [12] electrodynamics. Many investigations have been devoted to disclose analytically as well as numerically different aspects of holographic superconductors in the presence of various kinds of (see e.g. ).
Besides the s-wave superconductors which can be described very well by the BCS theory, there are unconventional superconductors such as p-wave and d-wave superconductors [36, 37] . Unconventional superconductors can be classified as high temperature and strong coupling superconductors. It is expected that the holographic hypothesis may shed some light on this field by introducing holographic p-wave as well as d-wave superconductors. In the past decade, several researches are done to investigate the properties of unconventional superconductors based on the holographic hypothesis (see e.g. [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] ). The holographic p-wave superconductors can be interpreted as odd parity or triplet superconductors which are constructed by coupling of electrons with parallel spins by exchange of the electronic excitations with angular momentum ℓ = 1 [37] . The holographic p-wave superconductors have been explored from different points of view such as condensation of a complex or real charge vector field in the bulk which corresponds to the vector order parameter in the boundary or the spin-1 order parameter can be originated from the condensation of a 2-form field in the gravity side [38] [39] [40] [41] [42] . Introducing a SU (2) Yang-Mills gauge field in the bulk in which one of the gauge degrees of freedom corresponds to the vector order parameter at the boundary, is another method to study this topic. Superconducting phase at the boundary for this type of holographic superconductors corresponds to appearance of vector hair outside the horizon by decreasing the temperature below the critical value [49] .
In this work, we are going to investigate the holographic p-wave superconductors in all higher dimensions by taking into account the higher order corrections both on the gravity as well as on the gauge field sides. While, most previous works on the holographic p-wave superconductors have been investigated in the presence of the linear Maxwell field, it's interesting to examine the effects of the nonlinear electrodynamics on the properties of holographic p-wave superconductors. For the correction to the gauge field side, we consider the general nonlinear electrodynamics with higher order correction term, namely L = F + bF 2 . We shall do the numerical calculations for different values of the mass m and the nonlinear parameter b in each dimension to disclose the effects of these terms on the critical temperature. In all cases, we find the relation between critical temperature T c and ρ 1/(d−2) where ρ is regarded as charge density and plot the behavior of condensation as a function of temperature. We shall also explore the electrical conductivity by applying an appropriate perturbation on the gauge field in the background. We obtain the electrical conductivity formula and plot the behavior of the real and imaginary parts of conductivity as a function of frequency for different values of the mass and nonlinearity parameter in d = 4, 5 and 6. Not only the trend of figures differs by dimension but also our choice of mass and nonlinearity has a straight effect on the behavior of conductivity. Although the obvious differences, all of them follow some universal behaviors. For example, the Kramers-Kronig relation relates the real and imaginary parts of conductivity. In low frequency regime, we observe a delta function behavior for real part while the imaginary part has a pole. The infinite DC conductivity is a feature of superconducting phase. Furthermore, we find the universality ω g ≃ 8T c is totally dominated but deviates in higher dimensions which is logical. Moreover, the gap frequency depends on the mass and nonlinearity parameters. Afterwards, by following the same procedure as before we do our study in Gauss-Bonnet gravity with higher order corrections in gravity and gauge fields in d-dimensional spacetime. Holographic p-wave superconductor in Gauss-Bonnet gravity previously studied in [52, 53] . We analyze the vector condensation and find that the critical temperature reduces not only by rising the mass and nonlinear parameter but also by enlarging the Gauss-Bonnet parameter α. Finally, we consider the electrical conductivity for holographic p-wave superconductor in Gauss-Bonnet gravity with higher order corrections. The global trends are also seen in this case. In this gravity, the gap frequency depends on the mass, nonlinearity and the Gauss-Bonnet parameters and the ratio of ω g /T c deviates from the universal value 8 by increasing the effect of α, too.
This work is outlined as follows. In section II A we introduce the holographic p-wave model in Einstein gravity through condensation a vector field. In section II B, we describe the procedure to calculate electrical conductivity based on the AdS/CFT correspondence. Section III A is devoted to conductor/superconductor phase transition in holographic setup in Gauss-Bonnet gravity. We calculate the electrical conductivity in the Gauss-Bonnet gravity with higher order corrections in section III B. Finally, we summarize our results in section IV.
II. HOLOGRAPHIC p-WAVE SUPERCONDUCTOR IN EINSTEIN GRAVITY
A. The holographic model and condensation of the vector field
We adopt the following form for the action to describe a holographic p-wave superconductor with a vector field ρ µ with mass m and charge q
where g and R are metric determinant and Ricci scalar, respectively, l is the radius of the AdS spacetime, which is related to the negative cosmological constant via
Hereafter, for simplicity we set l = 1. The Lagrangian density of nonlinear electrodynamics L N L in the Lagrangian of the matter field, L m , is given by
When the nonlinearity parameter tends to zero, b → 0, it reduces to the standard Maxwell Lagrangian, namely
The term bF 2 is the first order leading nonlinear correction term to the Maxwell field. There are several motivation for choosing the nonlinear Lagrangian in the form of (3). First, the series expansion of the three well-known Lagrangian of nonlinear electrodynamics such as Born-Infeld, Logarithmic and Exponential nonlinear electrodynamics have the form of (3) [54] . Second, calculating one-loop approximation of QED, it was shown [55] that the effective Lagrangian is given by (3) . Besides, if one neglect all other gauge fields, one may arrive at the effective quadratic order of U (1) as F
In order to describe a d-dimensional AdS Schwarzschild black hole with flat horizon, we consider the metric as
where r + defines the horizon location obeying f (r + ) = 0. While the vector and the gauge fields are assumed to have the following form
The Hawking temperature of the black hole is given by [35] 
Inserting relations (6) and (8) in the field equations (4) and (5), we arrive at
These equations have the asymptotic solutions (r → ∞) of the form
with
where our choosing masses should satisfy the Breitenlohner-Freedman (BF) bound as [59] 
b=0 b=0.02 b=0.04 Based on the AdS/CFT correspondence ρ x− and ρ x+ are, respectively, interpreted as the source and the expectation value J x which plays the role of the order parameter in the boundary theory. Moreover, µ and ρ are regarded as chemical potential and charge density in the dual field theory. In order to follow our research, we use shooting method which solves equations (10) and (11) numerically by applying suitable conditions. For this purpose, we introduce a new variable z = r + /r. For convenience, we will set r + = 1 in the following calculation. We do our numerical solutions in d = 4, 5 and 6 and find the relation between critical temperature and ρ 1/(d−2) . We summarize our results in tables I, II and III. By analyzing the effects of mass of the vector field, we investigate the properties of the holographic superconductor for 2 values of mass in each dimension. Meanwhile, we consider the effects of nonlinearity for this model. Our results show that by increasing the value of nonlinearity parameter as well as mass makes the condensation harder to form. Figures 1-3 show the behavior of the condensation J x 1/(1+∆+) for two values of mass as a function of temperature for different values of the nonlinearity parameter in each dimension. According to these graphs, the condensation values goes up for stronger effect of the nonlinearity parameter and mass which means it is harder to have a superconductor in the presence of nonlinear electrodynamics for massive vector fields. It was already argued that holographic p-wave superconductor undergoes the first order phase transition [39, 42] in some cases instead of usual second order type. However, in our work with these choices for the mass and nonlinear parameters, we don't observe this phenomenon. It may occur in the presence of backreaction parameter or for other values of the mass and nonlinear parameters.
B. Electrical conductivity
In this section, we are going to calculate the electrical conductivity as a function of frequency for this holographic superconductor in the presence of nonlinear electrodynamics. To follow our aim, we apply appropriate electromagnetic perturbation as δA y = A y e −iωt on the black hole background which based on the AdS/CFT duality corresponds to the boundary electrical current. We choose this form of perturbation for simplicity same as [42, 52, 53] . The consequence of turning on this perturbation in gauge field occurs in y-component of equation (4) as
which has the asymptotic behavior as
by considering A (0) and A (1) as constant parameters, we have the following solution for A y asymptotically where Λ is an arbitrary constant. Equations (16) and (17) are the same as corresponding equations in s-wave case [26] . According to the AdS/CFT correspondence, the electrical current based on on-shell bulk action S o.s and the Lagrangian of the matter field L m is defined by
where
by inserting (17) in (19), we arrive at
Pursuing the AdS/CFT framework, the electrical conductivity is
Therefore, the electrical conductivity, based on holographic approach by using Eqs. (18), (19) and (21) and adding appropriate counterterms for d = 5 and 6 to remove the divergency based on the re-normalization method [60] is
which is in complete agreement with the σ xx obtained in [26] . This shows that the calculation of σ yy in holographic p-wave superconductor is the same as σ xx in holographic s-wave superconductor [52] . In order to investigate the trend of conductivity numerically, we impose the ingoing wave boundary condition near the horizon for A y as follows
where the Hawking temperature is expressed by T and a, b, · · · are coefficients which can be obtained by Taylor expansion of Eq. (16) around the horizon. Figs. 4-9 illustrate the behavior of real and imaginary parts of conductivity as a function of ω/T for different values of mass and nonlinearity parameters in different dimensions. In spite of the fact that there are obvious differences in figures, they follow some universal behaviors. First of all, the real part of conductivity is related to the imaginary side based on the Kramers-Kronig relation which means that the appearance of the delta function and pole in real and imaginary parts of conductivity, respectively. Secondly, the superconducting gap which appears below the critical temperature becomes deeper and sharper by diminishing the temperature which causes larger values of ω g . This fact approved the results of previous section about condensation by going down the temperature because we can interpret ω g as the energy to break the fermion pairs. So, the bigger values of ω g leads to harder formation of fermion pairs which hinders the conductor/superconductor phase transition [52] . At large frequencies, the behavior of conductivity can be indicated to have a power law behavior as Re[σ] = ω (d−4) similar to s-wave case [26] . In addition, based on the BCS theory ω g ≈ 3.5T c while in holographic setup the ratio of gap frequency over critical temperature is found to be the universal value around 8 which hints to the fact that in BCS theory the pairs couple to each other weakly with no interaction. However, the holographic superconductors are strongly coupled. This strong coupling is the reason that we use holographic model to describe high temperature superconductors which exist in strong coupling regime [52] . Due to describe details more, we should say that the peak of real part of conductivity follows the same trend as the minimum value of imaginary part by decreasing the temperature. They shift toward the larger frequencies in all dimensions. Our choice of the mass has a direct outcome on the behavior of conductivity that becomes so obvious in some cases. For example, in d = 5 we face with sharp peak and deep minimum in real and imaginary parts for m 2 = −3/4 while for the case that the vector field has a mass equals to m 2 = 5/4 we observe smooth peak and minimum in two parts of conductivity. Overall, it seems that T = 0.3T c has a strong effect on conductivity in d = 5 and 6. In order to study the effect of nonlinear electrodynamics on the conductivity, we plot its behavior in fixed temperature T = 0.3T c in figs. 10-11. According to this graphs, the effects of nonlinearity parameter on conductivity is straightly depend on the mass and dimension. For example, in d = 4 and for d = 5 with m 2 = 5/4 increasing the nonlinearity makes the peak and minimum parts more smooth and flat. However, for other cases doesn't behave like that. In d = 6, increasing the nonlinearity causes smaller first gap and enlarging the second one in real part of conductivity. In general, the gap frequency is shifted in the presence of nonlinear electrodynamics.
III. HOLOGRAPHIC p-WAVE SUPERCONDUCTOR IN GAUSS-BONNET GRAVITY
A. Conductor/superconductor phase transition in holographic setup
In this section, we want to study the condensation of the vector field in the background of the AdS black holes with higher order corrections both in the gravity and gauge field. We write down the action in the following form
where for same parameters as section II A, we have similar definition while the Gauss-Bonnet parameter, Ricci tensor and Riemann curvature tensor are defined, respectively, by α, R µν and R µνρσ . When α → 0, the above action reduces to Einstein one. We take the line elements of the spacetime metric as
where the function f (r) has the asymptotic behavior as
We can present the effective radius L eff for the AdS spacetime as [52]
Based on the above equation, in order to have a well-defined vacuum expectation value α ≤ 1/4 where the upper bound α = 1/4 is called Chern-Simon limit [52] . Besides, in the CFT side we consider the causality constraint on our choice of Gauss-Bonnet parameter with −7/36 ≤ α ≤ 9/100 and −51/196 ≤ α ≤ 32/256 for AdS5/CFT4 and AdS6/CFT5, respectively [61] [62] [63] [64] [65] [66] [67] . We choose the vector and gauge fields same as equation (8) . By variation the equation (24) with respect to gauge and vector fields, same equations as equations (4) and (5) were obtained. Moreover, the equations (10) and (11) with the asymptotic behavior as (12) are recovered, finally. Equation (13) in Gauss-Bonnet gravity changes to with the Breitenlohner-Freedman (BF) bound as
In the Maxwell limit where b → 0, field equations turn to corresponding equations in equation [52] . In addition, the Hawking temperature equals to equation (9) . The numerical results are listed in tables IV and V. In order to compare our results with [52] and [53] , we choose ∆ + = 3/2 and 2 in d = 5 dimension. There is a perfect agreement between our results with corresponding cases in [52] and [53] . However, because of the difficulty of numerical solution, we can only do our study for one value of mass in d = 6. Tables IV and V give information about the values of critical temperature T c based on ρ 1/(d−2) for different effects of the mass and nonlinear parameters as well as GaussBonnet parameter. Increasing the Gauss-Bonnet coefficient has the same effect as larger values of mass and nonlinear parameters on the critical temperatures. We also face with diminishing of critical temperature for stronger values of α which makes the condensation harder to form by putting off the appearance of hair in gravity side which corresponds to superconducting phase in boundary field theory. Moreover, the results in d = 5 with m 2 = −3/4 and α = 0.0001 are alike the outcomes of corresponding case in Einstein gravity. This is rooted in the fact that as said before in α → 0 limit, the Einstein case is regained. Meanwhile, figs. 12-17 show the behavior of condensation as a function of temperature in different choices of mass, nonlinearity and Gauss-Bonnet parameters. Increasing each one of theses three parameters makes the condensation value raising. Furthermore, the effect of different values of Gauss-Bonnet parameter becomes more and more obvious by growing the nonlinear parameter b. Based on the obtained results and same as [52] the Gauss-Bonnet term doesn't change the critical exponent of condensation which means that we face with second order phase transition for all values of α, the same as section II A.
B. Conductivity
In order to study the electrical conductivity for holographic p-wave superconductor in the Gauss-Bonnet gravity, we follow the same approach as section II B. By choosing the same perturbation as δA y = A y e −iωt , we obtain the linearized equation as (15) with the asymptotic behavior (r → ∞) as
which has the solution as follows
which is similar to equation (17) except the L 4 eff term which shows the influence of Gauss-Bonnet gravity. By pursuing the identical procedure as section II B, equations (18), (19) , (20) and (21) are regained. So, the electrical conductivity based on holographic approach in Gauss-Bonnet gravity can be expressed by
Again like section II B, definition of σ yy is same as σ xx in Ref. [27] which confirms the fact that calculation of σ yy in holographic p-wave superconductors is similar to σ xx in holographic s-wave superconductors. Next, by expanding A y as equation (23) we can plot the behavior of real and imaginary parts of conductivity as a function of frequency for different values of the nonlinearity, mass and Gauss-Bonnet parameters in d = 5 and 6 in figs. [18] [19] [20] [21] [22] [23] . Although the differences in figures, they show the universality trend same as conductivity behavior in the Einstein gravity which explained in section II B. In ω → 0 limit, the delta function behavior of real part of conductivity is related to imaginary part which has a pole in this region through Kramers-Kronig relation. The infinite DC conductivity is a tail of superconducting phase. On the other hand, at large frequency regime the behavior of real part of conductivity can be expressed by Re[σ] = ω (d−4) . Furthermore, for holographic p-wave superconductor in Gauss-Bonnet gravity ω g ≈ 8T c which is much more than the BSC value (3.5). This difference is originated from the fact that the strong interaction governs in holographic superconductors similar to [52] . However, we observe the deviation from 8 by increasing the nonlinearity as well as Gauss-Bonnet parameters. Increasing the nonlinearity and Gauss-Bonnet parameters or decreasing the temperature while the other two components are fixed, shifts the maximum and minimum values of real and imaginary parts toward larger frequencies. Based on [52] for the fixed values of temperature, real and imaginary parts of conductivity diminish by enlarging the Gauss-Bonnet effect. It's true in some cases in the presence of Maxwell electrodynamics. For example, the behavior of real parts of conductivity in d = 5 with m 2 = −3/4 confirms this idea while in the same dimension with m 2 = 0, it doesn't follow the same trend. However, this idea doesn't govern more in nonlinear regime. In general, we can say that the gap frequency depends on mass, nonlinearity and Gauss-Bonnet parameters in each dimension. The dependence of conductivity to nonlinearity and Gauss-Bonnet parameters are shown in figs. 24-27.
IV. SUMMARY AND CONCLUSION
In this work, by applying AdS/CFT correspondence in higher dimensional spacetime, we have analyzed the behavior of holographic p-wave superconductor by considering the higher order corrections in gravity as well as gauge field side. First of all, we studied the condensation of vector field in the presence of nonlinear correction to the electrodynamics as given in Eq. (3). This equation can be considered as the leading order expansion terms of the well-known Born-Infeld, Logarithmic and Exponential nonlinear electrodynamics. After finding equations of motion in Einstein gravity, we solved them numerically by applying suitable conditions and investigated the effect of mass, dimension and nonlinear parameters. We found out the relation between critical temperature T c and ρ 1/(d−2) in all cases. Then, we plotted the behavior of condensation as a function of temperature. Based on the obtained results, we found out that increasing the value of the mass as well as nonlinearity decreases the critical temperature. This makes the condensation harder to form. Also by taking look at graphs, we understand that the condensation value enlarges for stronger effect of the mass and nonlinearity which means that vector hair faces with difficulty to occur. It was argued in [39, 42] that the holographic p-wave superconductors undergo first order phase transition instead of usual second type in some situations but we didn't observe such a behavior.
Next, in section II B we have numerically investigated the behavior of electrical conductivity as a function of frequency. For this purpose, we applied an electromagnetic perturbation as δA y = A y e −iωt in gravity side which corresponds to electrical current in CFT part. We presented the electrical conductivity formula in d = 4, 5 and 6 and graphs of real and imaginary parts. The conductivity differs based on our choice of mass, dimension and nonlinearity. However, some global trends were observed. Firstly, the real and imaginary parts follow the Kramers-Kronig relation by having a delta function and divergence behavior in the low frequency regime. Infinite DC conductivity is a feature of superconducting phase. Secondly, at large enough frequencies, the behavior of the real part can be interpreted by
. Thirdly, the ratio of ω g /T c in all cases is much larger that the BCS value (3.5) because holographic superconductors are strongly coupled. In holographic setup in many cases we found ω g ≃ 8T c while a deviation from this value occurred by increasing the dimension and nonlinearity effect. The presence of nonlinear electrodynamics shifts the gap frequency toward larger values. In section III A, with the same procedure as section II A, we found the ratio of T c /ρ critical temperature. Besides, the Gauss-Bonnet term α doesn't change the order of phase transition. In section III B, the electrical conductivity of (d + 1)-dimensional holographic p-wave superconductor in Gauss-Bonnet gravity with higher order corrections in gravity and gauge fields was studied. Same as section II B, the conductivity formula and behavior of real and imaginary parts impressed by mass, nonlinearity and Gauss-Bonnet parameters in different dimensions were obtained. The universal behaviors same as Einstein case were achieved. In addition, increasing the effect of nonlinear and Gauss-Bonnet parameters or decreasing the temperature shifts the gap energy toward larger frequencies. In general, the gap frequency ω g is depended on mass, nonlinearity and Gauss-Bonnet terms. It would be interesting to investigate the effect of backreaction in this case. 
